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LATE QUATERNARY ARTITROPODS FROM 
THE COLORADO PLATEAU, ARIZONA AND UTAH 


Scott A. Elias! 
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ABSTRACT — Late Quaternary-age arthropods were recovered from dn cave de posits and packrat middens located in the 
Grand Canyon, Canvonlands, rite eae anvon region of the Color doaPlitcau. This Qnaternan data resource has not 
been analyzed before tame Columdo: Plater national parks. Radiocarbon dates on the various de ‘posits Containing 


arthropods range tron: 1510 to 30,660 yr B.P. The fossil assemblages vie ‘ded 57 identified taxa of insects. arachnids. and 
millipedes, inchiding 15 taxa taken to the species level. The information from the fossil insect record of the Colorado Platean 


is not vet sulficie ntly detailed to permit precise paleoenvironmental reconstructions. Llowever, prelimin uy conclusions 


suggest acooler, moister climatic regime during the late Wisconsin glacial and a mosaic of vegetation types, suc die orassland 
and shrubby communities, unlike the present vegetation at the localities. 
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This paper discusses the results of a prelimi- 
nary study of late Quatermary arthropod fossils 
from cave deposits and pac ‘rat middens front 
southerm Utah and et Arizona. This Qua- 
ternary data source has not been analyzed 
before from the Colorado Plateau, although the 
arid Southwest has been the focus of pale- 
oenvironmental studies for approximately half a 
century (Antevs 1939). Arid climate, coupled 
with episodic fluctuating water tables, has 
proven detrimental to he: preservation of most 
exposed fossil remains. However, the same xeric 
conditions, when coupled with a stable rock 
shelter, provide a unique situation—dry preser- 
vation. Such xeric locations provide the preser- 
vation of not only pollen and plant macrofossils, 
but also soft tissues and other usually degrad- 
able remains of animals (sich as skin, hair, kera- 
tinous tissues, and dung; Wilson 1942). The 
study of packrat middens in the Southwest has 
provided a reconstruction of the Wisconsin gla- 
cial biological communities never before 
observable in such detail (see varions chapters 
in Betanconrt et al. 1990). Thus, an entirely new 
field of research has been opened, and it should 
prove valuable in understanding the latest 
Pleistocene. 

Dry cave deposits were quickly discovered to 
be awarehouse of late Pleistocene information. 
Gypsum Cave (near Las Vegas, Nevada) and 





Rampart Cave (western Gri and C anvon, Ari- 
zona) were the scenes of the first paleoecologi- 
cal studies utilizing dryv-preserved dung of an 
extinct animal. Tael@enialk and Munz (1934. 
1935) fonnd a wealth of information preserved 
in the dung of extinct Shasta ground sloth 
(Nothrotheriops shastensis). Later studies con- 
cerned with dietary reconstructions expounded 
on the data available from dung of eatinct her- 
bivores, including Shasta eround sloth, mai- 
moth (Mammurthus), Warrington’s mountain 
goat (Oreamnos  harringtoni), and 
(Bison), among others (Martin et al. T96T. 
Hansen 1950, Davis et al 1954. Mead, 
O'Rourke, and Foppe 1956, Mead, Agenbroad 


bison 


et al. 1986. Mead et al. JOST, Mead = and 
Agenbroad 1959). 
Packrats (Neotoma: Rodentia: Cricetidac 


build nests surronuded by coustruction materi- 
als collected from within 30 to 100 m of the 
house. The construction components are pre- 
dominantly plant materials, but the packrat also 
collects. small) stones, skeletal remains, and 
dung. Adding to the materials procured by the 
pate eer are various vertebrates and) inverte- 
brates who live in the nest and waste pile us 
conunensals. Periodic house cleaning produces 
a waste pile of debris. Urination on the waste 
pile (a midden) ultimately may cemcut the 
remains into a rock-hard de posit. encapsulating 
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Fig. 1. Map of the Colorado Platean with sites discussed in text. 
the contents of that time. When these indurated = 1987. Elias and Van Devender 1990, 1991). 


cemented) middens are located ina drv alcove, 

rock shelter, or cave, the contents thay be pre- 
served foras long as the shelter exists. Radiocar- 
bon dating of indurated midden lavers provides 
a chronological framework for the associated 
plant and animal remains. Middens, then, pro- 
Vide a amiqne examination of local past biotic 
COMITINIUS. 

The investigation of insect fossils from ancient 
packrat middens and cave deposits is a new 
approach that is just beginning to show substan- 
tial results. One of the anthors (SAK) rece rithy 
performed more extensive research ou a series 
of insect fossil assemblages from packrat mid- 
dens in the Chihnahuan desert regions of west- 
erm Vexas and south central New \fexico ¢ Elias 


Elias (1990) also recently published the results 
of a taphonomic study designed to reveal the 
sources and possible biases of insect exoskele- 
tons in packrat middens. 


METHODS 
Localities 


Matrices from packrat middens and cave sed- 
iments were washed or hand picked for arthro- 
pod and other animal and) plant) remains. 

Packrat inidden and cave deposits frou two 
cave sites were analyzed from Grand Canyon 
National Park (GRCA), Coconino County, Ari- 
zona: three ele middens from Salt Creek, 
Canvontauds National Park (CANY), San Juan 
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County, Utah; and three packrat middens and 


one cave de ‘posit from the Escalante River 


region of Glen Canvon National Recreation 
Area (GLCA), Kane C POMC eC tah GE Tee ll) 

Bida Cave is a large inc tonerc eda anen 
pinvon-juniper Woodland at 143010 elevation in 
GRCA. Cole (1990) reported on the packrat 
middens recovered from the cave. Test pit evea- 
vations produced a multitude of famal and 
floral remains (Mead 1983, O'Rourke and Mead 
19S35, Mead, O'Rourke, and Foppe 196, 
MeVickar and Mead ms). Radiocarbon dates 
(spanning [rom 2960 to 24,190 vr B.P.) on vari- 
ous remains are presented in Mead (1983) and 
Mead, Martin et al. (1986): those ages from 
units containing arthropod remains are listed in 
Table 1 

Kactan Cave is a medinin-sized limestone 
cave at 14301 elevation in GRCA. Mead (1983) 
excavated portions of the deposit in’ the 
entrance room forthe remains of extinct moun- 
tain goat (Orcamnos harringtoni) (O'Rourke 
and Mead 1985, Mead, O'Rourke, and Foppe 
1986). Paleoenvironmental — reconstruction 
based on the macrobotanical remains recovered 
from packrat middens and stratified sediments 
is in manuscript (McVickar and Mead). Radio- 

carbon ages span the period from 14,220 to 
30,600 vr B.P. (Table 1). 

Tee packrat middens selected from a series 
collected from Salt Creek Canyon, CANY (1505 
to 1755 im elevation), have radiocarbon ages 
spanning 3030 to 27,660 yr B.P; today the 
region is pinvon-juniper woodland with sage- 
hash flats. The analysis of the macrobot ical 
remains and paleocuvironme ntal reconstrme- 
tions of the middens is in manuscript (Mead and 
Agenbroad). 

Bechan 
extinct herbivore ding (Davis ct al. 1985, Mead. 
Agenbroad et al. 1986, Mead and Agenbroad 
1989) recovered from floor sediments dating 
11,600 to 13,505 vr BP. Arthropods were recov- 
ered from the dung layer and from an isolated 
Holocene-age packrat midden ino the cave 
(Table 1). Che nearby packrat middens con- 


tained additional arthropod remains dating 
from 1510 to S640 vr BLP. 


Insects 
Fossil insect sclerities were sorted from 
washed packrat middens and cave sediment 


matrices. Robust specimens were mounted on 
modified micropaleontological cards with gum 


Cave contains Copious remains of 
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TABLE DT. Late Quaterman deposits and radiocarbon dates 
from sites on (he Colorado Plateau containing arthropods, 





ie liree 


Locality Co uge Lab mauber 





Grand Canyon National Park, Arizona 


Bida (cave 


Laver 2 2960 - 200 \-2$56 
Laver | 16.1305 G00 RL-1135 
Laver s None 
Laver S 241900 1300 4.-2373 
2500 

RKaetan Cave 
Laver | $1220 hee 320 Legs te 
Laver 3 17.500 + 300 \-2723 
Laver 5 none 
Laver G 30,600 + {S00 Vere? 
Laver S + none 
Packrat midden Tb 17,100 © 500 2019 
Ow] Roost 
R2 Ve ee Laut) \-30$2 
2 nNoue 


Canyonlands National Park, Utah 


Salt Creek Canyon) packrat middens 
Dead Owl 1A Sollee 
Woodenshoc | 6YS0 + 120 
Lloodoo 1 27 660 + 3-40 


Bela-]1$267 
Betas) 21s 
betiez7 213 


Glen Canvon National Recreation Area, Utah 


Escalante River region puckrat middens 


Bechan Cave 3 lpaitweb0 Beta-23706 


Cow-Perfect | 1820 + 100 Beta-2571 1 
Bowns | $640 + 140 Beta-23 70-4 
Bechan Cave 158 11.6000 13.505 ° 


*Asenes of dates are anah ved on Mearoueethies mammoth andecl Fucerathes 


van shrabow dung see Davis ct al 1983. Mead Agenbroad etal 1986) Mead 


and: Agenbroad nis 


tragacanth, a water-soluble lie. Fragile speci- 
mens and duplicates were stored in vials of 
alcohol. Fossils were identified chictly through 
comparisons with moder identified specimens 
inthe U.S. National Miiscum of Natnral History 
(Smithsonian Enstitution), Washington. DUC. 
Some specimens were referred to taxonomic 
specialists, as noted in the acknowledgments, 
Moder ecological requirements and distribu- 
tions for species identified in the fossil assem- 
blages were compiled from the literature and 
from specimen tabels in the U.S. National 
Musemm. All speciments will be curated in the 
National Park Service Repository. | Laboraton of 
Quaternary Paleontology, Quaternan Studies 
Program, Northern Arizona Unive rsity. 


Results 


The fossil assemblages vielded 57 identified 
taxa of insects, arachnids. and millipedes. 
inchiding 15 tava taken to the species level. 
Table 2 shows the taxa identified from the 
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TABLE 2. Fossil arthropods identified from Bida and Kactan caves, GRCA. Arizona, in minimum nuinber of individuals 


per sample. 
le a a Ne ee ei hee 
Bida Cave Kaetan Cave 








Taso 2" | 5 S i! 5 Ss ORR OR 1b° 
a es a a ee ee 
CloLlLrOPTERA 

CAR ABIDAE 


Calosoma cl. scrutator Fab. ] — — — — — — — — = 
Agonum (Rhadine) perlevis Csv. 2 -- — — —- — — — — = 
Agonum (Rhadine) sp. | ] ae — — = = = a 


SC ARABAEIDAE 


Aphodius ur. ruficlarus Fall — — — 1 — —_— — — _— —- 

Aphodius sp. — -- ] — — — = = = 

Onthophagus sp. ~- — Ht _ — a _ — a 

Serica sp. ] — — — I — 2 ] — 

Phyllophaga sp. — — l — — — — ] _ _ 

Diplotanis sp. | — — — — — _— } — — 

Genus indeterminate ] — — a — ] = ] = = 
SILPHIDAE 

Thanatophilus truncatus Sav ] — a — — — — — — — 
PrINIDAL. 

Plinis ap. — — <= — — — — ] — — 

Niptus cf ventriculus LeC. = = = —_ 10 ] = ) == Z| 
NITIDULIDAE 

Genus indeterminate =e = — = — ] = — = — 
DERMESTIDAR 

Genus indeterminate —= = ] — I —— = ] — = 
LS TERI LE 

Genus indeterminate os 1 — — — — — — — — 
RLVPERID AE 

Genns indeterminate = = — = i — — — — — 
TENEBRIONIDAE 

Eleodes cf. nigrina LeC. = — — — l — — 4 — _ 

Eleodes spp. | | i = \ 4 2 a | ] 

Coniontis sp. — — — — — ] — — — — 
MF LOIDAE 

Genus indeterminate —_ — — ] a = — = as —_ 
MIF IT ANDRYIDAE 

Anaspis rufa Say = = ] — = = _ == = 
CURYSOMELEIDAVE 

Lema trilinea White = = = = ] — = — = 

Chactocnema sp. | = £. = = om == _ ane =— 

(Genus indeterminate — — — ] a a = — — 
CLERIDAE 

Acanthoscelides sp. a me a -_ _ = = | = = 

CR KC ULIONIDAE 

Sapotes sp. —_ | —_ = = —_ as =. = 

Ophryastes sp. 2 = I _ = = = = a 

Scyphophorus acupunctatis Gy. 2 I | = = — = ate = 

Ovimodema protracta Llorn | = == = — =— ae ax, = 

Cleonidius trivittatus or 

C quadrilineatns l | _ ca _ _ -_ aot —_ 

Aplearus anaularis Le. — | = = = = _ = = 

Genus indeterminate ] | ] a = — — — — 
SCOLYTID AL 

Gens indeterminate | = _ _ —_ pans — 


NE UROPTE RA 
VIG ME LONTIDAF 
Genus tndeterminate - | — — ea) = 
HoMmorPrr RA 
Te Sis vl 
Conus mdeterminate ] — 
IT) MIT TERA 
Cconns indeterminate — — = ] 
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TABLE 2 CONTINUED. 
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Bida Cave 


at = 
Taxon 2 | 5 


S ] 2 S 


Kactan Cave 


ORR2 OR2 Oh 





ORTHOPTERA 
ACRIDIDAE 
Genus indeterminate == ] — 
LEPIDOPTERA 
Genus indeterminate — — — 
LlyYMENOPTERA 
APOIDEA 
Genus indeterminate — — _ 
DIPTERA 
Genus indeterminate 
ARACHIINIDA 
ACARI 
IXODIDAE 
Dermacentor andersoni Stiles — 2 — 
Dermacentor sp. — — = 
SCORPIONIDA 
BUTHIIDAE 
Centuroides sp. ane = 
DIPLOPODA 
Genus indeterminate — | ] 





sumbe rs refer to laver numbers at Bida Cave. 
Numbers refer to | aver numbers at Kaetan Cave 
‘Owl Roost B2 
“Owl Roost 2. 
“Packrat midden |b. 


Grand Canyon region, and Table 3 lists taxa 
identified from Glen Canyon. The assemblages 
are dominated by taxa still found today in yy 
American Southw est. but = many of the 
Pleistocene assemblages contain species that 
live today at elevations higher than the fossil 
localities. As in other packrat midden and cave 
assemblages from the American Southwest, the 


fossil faunas are dominated by a few families of 


insects and arachnids. The beetle (Coleoptera) 
families Carabidae (ground beetles), Curculi- 
onidae (weevils), Ptinidae (spider beetles), 
Scarabaeidae (dung beetles and chafers), and 
Tenebrionidae (darkling beetles) were repre- 
sented in most assemblages. A few packrat and 
other mammalian parasites were found, includ- 
ing a tick (Ixodidae) and a blood-sucking bug 
(Reduviidae) that are known to parasitize 
packrats in their nests. A number of the identi- 
fied species merit individual discussion. 


Discussion of Selected Species 


The ground beetles from the fossil assem- 
blages include both cave dwellers and open- 


ground species. The — caterpillar hunter, 
Calosoma scrutator, was found in a_ late 


Holocene assemblage from the Grand Canyon 
(Table 2). This beetle is widespread in. the 


United States, sonthernm Canada, and northern 
Mexico (Gidaspow 1959). It has been collected 
[rom the Moor of Havasu Canvon, GRCA: Elias, 
unpublished data). The cave beetle. Agonnim 
perievis (Fig. 2A), prevs on other arthropods. It 
is relatively common in caves and ear the 
mouths of mammal burrows. It is found today 
from the state of Chihuahua, Mexico. northwest 
to sonthem Arizona (Barr 1982). This species, 
found in late Holocene assemblages in both the 
GLCA and GRCA regions, was identified from 
Holocene packrat middens froni sites in the 
Chihuahuan desert region of Mexico) Elias and 
Van Devender, unpublished data). Another 
ground beetle from the late Holocene record at 
GLCA is Discoderus impotens, which lives in 
open country. It is common. throughout the 
American Southwest and is) found in the 
Chihnahuan, Sonoran, and Mojave deserts. 
The checkered bectle (Cleridae). Cymatodera 
pallida (Fig, 215), is a predator of bark beetles in 
coniferous fee in the Chiricahua, Rincon, anc 
Huachuca mountains of Arizona. as well as in 
mountainous ie of Chihuahua, Mexico 
(Vaurie 1952). pallida was found in a late 
Pleistocene | oe from the Grand Canyon. 
The dung beetle (Scarabacidae . Aphodins 
ruficlarus, was found in a late Pleistocene 
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Tvpib 3. Fossil arthropods identilied from the Canyonlands and Glen Canyon region, Utah. in minimum number ol 


indivichials per sample. 


I I I III 


Ge 


DOV WSI 


Taxon 


11D} 


Ce 





Bo3") C-PlOBIL BCL5S 


I 


COLPFOPRTERA 
CARABLID Ab 
Azonum Rhadine perlevis CK. — 
Yara sp. — ] 
Discoderns impotens Lee = = 
Genus ct sp. indeterminate a ] 
Se (RAB Vit) Ag 
\phodins spp. —- — 
Afdenius sp. 
Serica sp. 
Melolontha sp — 
Diplotaxis sp. — 
Genns et sp. indeterminate — } 
PTINIDAL 
Niptis sp. 
Ptinus spp. i — 
EL ATERIDAF 
Genus et sp. indeterminate = 
BY RRUDD AVE 
Genus et sp. indeterminate — 
TENE BRIONID VE 
Lleodes spp- = 
Coniontis sp. — — 
Genus et sp. indeterminate 
DERMEESTID AF 
Genus ct sp. indeterminate ] 
CUIRYSOMELID AE 
Altica sp. = 
Pachybrachis sp. = | 
Genus ct sp. indeterminate — l 
CLE RIDAF 
Cymatodera pallida Schitr. _ oo 
PlOMOPTERA 
RE DEVIID VE 
Triatonia sp. ae) 
LEPIDOPTER \ 
Genus et sp. indeterminate -— — 
LY MENOPTERA 
FORMICIDAE 
Formica sp. | 


ty 


CONS 
Cla 4 


Canvonlands Nahonal Park 


Glen © aovon National Recre ston Vrea 


Sstesau Cuinvonlinds are DOTA Dead Owl dT A WST Woodetshoe } TNDT Hoodoo | 
Silt PCden Canvorm are BOY Bechan Cae 3 © PL Cow Perfect 1 Bl Bowns } BO 15S, Bechan © ave 138 


assciiblage from GLCA. This beetle lives today 
throughout muel of western North Ameriea 
from Saskatchewan in the north to New Mexico, 
\rizona, and California in the south. At. the 
southern limit ofits range, it lives in mountain- 
OUS FEQIONS, 

The carrion beetle) Silphidac!, Thauatophilus 
trnncatus Fig. 2B). lives in the southwestern 
U.S. and northern Mexico in habitats spanning 
altitudinal gradients from: grasslands and arid 
scrub desert through oak-pinvon-juniper wood- 
lands. pine forests. and montane meadows 


(Peck and Kanlbars 1987). To triancatus was 
found only ina late Holocene assemblage from 
the Grand Canyon, 

The spider beetle (Ptinidae), Niptus veatric- 
lus. isa scavenger that ranges from Texas west- 
ward to California and sonth through Mexico to 
Guatemala. It probably breeds in rodent nests. 
Modem specimens have been collected from 
packrat nests and from the fur of kangaroo rats, 
Dipodoniys spp. (Brown 1939, Papp 1962). This 
beetle species was common in several assem- 
blages from GLCA, 


1992] 


QUATERNARY ARTHROPODS, COLORADO PLATEAL 65 





Fig. 2. Scanning electron micrographs of fossil beetles from sites discussed in text: A, head c: apsule, pronotum, and elvtra 
of Agonum perlevis from the Bowns packr: it midden, Glen © anyon: B. pronotum of Thanatophilus fruncatus from Bid 
Cave. Grand C fanvon: ©, pronotum of Eleodes nigrina from Kae tan Cave. Grand ( anvon: D. exoskeleton of Anaspis: rufa 


from Bida Cave. Grand Canvon: E. left cltron of Cymatodera pallida from Woodoo packrat midden, Canyonla 


ltr cquals Il mim. 


The darkling beetle ( 
erie (Fig 2C), was found in a 
Pleistocene assemblage from the GLCA. 
scavenger is known today from the 
Northwest south to the mountains of Arizona. It 
isa cold-hardy species, found at elevations up to 
3050 am in the Colorado Rockies (Blaisdell 
1909). 

The false darkling beetle (Melandrvidae), 
Auaspis rufa (Fig. 2D), is widespre ad pies 
Beetles in this fi unily are found under bark, i 
fungi, and in decaying logs (Liljeblad 19-45). 

The leaf beetle (Chirvsomelidae), Leia 
(rifinea, feeds on Datura (jiuson weed) and 
other plants in the southern half of the United 
States. It was identified from alate Pleistocene 
assemblage in the GRCA. Other plant-feeding 
beetles identified from the fossil assembk ges 
inchide the weevils (Curcnlionidac) Seypho- 
phorus acupuuctatus, Orinodeiua protvacta, 
Apleurus aneularis. and Cleonidius tricattatus 


Tenebrionidae), Eleodes 
late 
This 


Pacific 


nds. Seal 


OMG. quadriliucatus all from the Grand ¢ AUWIVON 
assemblage. Of these, O. protracta was found 
only in the late Holocene, A. auegularis and ¢ 
trivittatus or C. quadriliucatus were found only 
in the late Pleistocene, and S. acuUpUuUclatus Was 
identified from: both eee QO. protracta lives 
at clevations from 2250 to 2700 1m inthe mou 
tains of Arizona. It is a soil dweller that feeds on 
roots (RS. National Miaisenm af 
Natural Sciences, Ottawa, written Communica: 
tion. July 1990). frivittatus, and 
'& quadvilineatus are all widespread today 
while S 
\rizona 


Anderson. 
A. augularis, C. 


throughout western North America. 
acupuuctatus has been collected trom 


and Mexico. where it feeds on Agate. Dasylirion 


(sotol), and Lophophora pevote RS. Ande 
son, National Museum of Natural Science 
Oltawa, written Communication, July 1990 
Finally, the tick (sodidae!. Dern 
andersoui, is found todian in the western | 
States as far cast as Mont fini 
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D. andersoni parasitize smal mammals, while 
the adult stage parasitizes large maminals, This 


tickisavector for Roc ‘ky Mountain spotted fe ver 


and Colorado tick fever (J. Keirans, National 
Institutes of Health, Bethesda, Marland, writ- 
ten commumcation, Junie 1990) 


PALEOENVIRONAIENTAL 
INTERPRETATIONS 


The information from the fossil insect record of 


the Colorado Platean region is not vet sufficiently 
detailed to allow precise paleoe nvironmental 
reconstructions. for both the Grand 
Canyon and Glen Canyon regions, the available 
insect. data suggest a cooler. moister climatic 
regime during Tile Late Pleistocene: Montane: 
adapted species lived at lower elevations. The 
insects document the presence of conifers at the 
sites but also suggest that a mosaic of vegetation 
types was loc allt represented, including grassland 
and shrubby terrain. The shift to postelacial cli- 
mates occurred sometime after 14,000 yr B.P.and 
the most arid conditions appear to have developed 


However, 


within the last 1500 vears. Additional studies of 


regional insect assemblages will undoubtedly clar- 
if’ the nature and timing of environmental 
changes. 
banc preliminary and incomplete in 
nature, the arthropod data presented here are 
in agreement with the detailed plant recon- 
struction provided) by the macrobotanical 
remains from the pac ‘krat middens. Cole (1990) 
concludes that a comparison of moder and 
full-clacial assemblages from the eastern GRCA 
packrat middens demonstrates that individial 
plant taxa and comparable communities shifted 
upward approximately SOO mat the close of the 
Wisconsin glacial (ea 11,000 yr BLP). Cole 
1990) conclhdes that the climate at the eleva- 
tions of Bida and Kaetan caves was more conti- 
nental during the late glacial. This result is in 
contradiction to the equable climates that may 
have occurred in western and lower-clevation 
the GRCA and to the south of the 
Colorado Platean | Mead and Phillips 1981, 
VanDevender 1990), Our arthropod data pre- 
sented here do little to ek arify the continental vs. 
COM able climatic re¢ construction contradiction. 
Our moister Climatic regime” recon- 
struction could be interpreted as a-continental 
climate: however, it could also re present a regime 


resions of 


“cooler. 


thy slic ith cooler winters and cool supers. 
id therefore more available moisture, 


olume 52 


ACKNOW LEDGAMIENTS 


The searab beetle, Aphodius ruficlarus, was 
identified by Robert Gordon, U.S. Department 
of Agriculture and U.S. National Museum, 
Washington, D.C. The weevils, Scyphophorus 
acupunetatus, Orimodema  protracta, Cleo- 
nidins trivittatus or C. quadrilineatus, and 
Apleurus angularis, were identified by Robert 
Anderson, Recoil Museum of Natural Sci- 
ence, Ottawa. The tick, Dermacentor andersoui, 
was identified by James Keirans, National Insti- 
tutes of Health, Bethesda, Maryland. We appre- 
ciate the help of Emilee Mead, Panl Martin, 
Bob Euler, and Bill Peachy. Scanning electron 
micrographs of insect fossils were t Hea with the 
assistance of James Nishi and Paul Carrara, U.S. 

Geological Survey, Denver. Emilee Mead 
fintied the figures. Financial support for this 
study was provided by National Science Foun- 
dation grants EAR §708287 and 8845217 to 
Mead and Agenbroad, and National Park Ser- 
vice contract CX-1200-4-A062. to Agenbroad. 
Thanks are also extended to the staff at Ralph 
M. Bilby Research Center, Northem Arizona 
University, for their support. 


LITERATURE CITED 


ANTEVS. E. 1939. Studies on the past climate in relation to 
man in the Southwest. Camegie Institution of Wash- 
ington Year Book 38: 317-319. 

Bakr. EC. 1982. The cavermicolons anchomemine beetles 


at) Mexico (Coleoptera: Carabidae: Agonini). Texas 
Memorial Bulletin 25: 161-192. 
BEraxcourt |. EL... T. R. VaN DEVENDER, AND P. S. 


MIVRTIN 1990. Packrat middens. The last 40,000 vears 
of biotic change. University of Arizona Press, Tucson. 
467 pp. | 

Braisprin. FE. 1909. \ monographic revision of the 
Coleoptera belonging to the Tenebrionidae tribe Ele- 
odiini inhabiting the United States, lower California, 
and adjacent islands. Bulletin of the United States 
National Museum 63; 1-52-41. 

BROWN WL J. 1939. Nipteus Boield, and allied genera in 
North America oC peal Ptinidae). Canadian 
Entomologist 91: 627-63: 

CoLe kK. Lb. 1990. Late Oui if mar vegetation gradients 
through the Grand Canyon. Pages 240-258 in J. b. 
Betancourt, TR. Van Devender, and P.S. Martin, eds., 
Packrat imiddens. Phe last 40,000 vears of biotic 
change. Unive rsitv of Arizona Press, Tucson. 467 pp. 

Davis Ook. LD. AGENBROAD, PS. MARTIN, AND el 
wo \D 1984. The Pleistocene dung blanket of Bechan 

move. Utah. Pages 267-252 a We Genoways and 
o R. Dawson. eds., Contributions in Quaternary ver- 
tebrate pale ontology: a volume in memorial of John E. 
Guildan. Carmegic \Inscum of Natural Histor Special 
Publication, 53S pp. 


1992 | 


lenis, S. A. 19S7. Paleocnvironmental significance of late 
Quaternary insect fossils from packrat middens in 
south—central New Mexico. Southwestern: Naturalist 

32: 353-390. 
1990. Observations on the taphonomy of late 


Quaternary insect fossil remains in packrat Pa ns ob 


the Chihuahnan Desert. Palaios 3:356 -363. 

BMuias SoA AND TOR. VaN DEVENDER 1990. Fossil insect 
evidence for late Quaternary climate change in the Big 
Bend region, Chihuahuan Desert. Texas. Quaternan 
esearch 34 249-261. 

1991. Insect fossil evidence of late Quaternarn 


environments in the northern Chihnaluan Desert of 


Texas and New Mexico: comparisons with the paleohe = 
tanical record. Sonthwestern Naturalist. In press. 


Gipasrpow T. 1959. North American caterpillar Innters of 


the genera Calosoma and Callisthenes. Bulletin of the 
American Aluseum of Natural [History 116; 227-343. 

HANSEN R. AL. 1980. Late Pleistocene plant fragments in 

the dungs of herbivores at Cowboy Cave. Pages 179- 
IS9 in J. D. Jennings, ed.. C ‘ow boy Cave. Vol. 104. 
University of Utah Anthropological Pape rs. 

LiAtpeRMILA. J. Do anp PAL Mtnz 1934. Plants in the 
dung of Nothrotherium from Gypsum Cave, Nevada. 
Carnegie Institution of Washington Publication 453: 
Olek. 

. 1935. Plants in the dung of Nothrotherium trom 
Rampart and Muav Caves, Arizona. Camegic Institu- 
tion of Washington Publication 487: 271-251. 

LILJEBLAD. E. 1945. Monograph of the family Mordellidae 
(Coleoptera) of North America. north of Mexico. Mis- 
cellaneous Publications of Zoology, University of Mich- 
igan 62:205-2 19. 

Marrin P. B. E. SaBELS. AND DD. SittirerR 96H. 
Rampart Cave coprolite and ecology of the Shasta 
gronnd sloth. American Journal of Science 259; 102- 
Par 

Mevick vr fo bo awwp Job Meap Late Quaternary floras 
from Bida Cave and Kaetan Cave. Grand Canyon, 
Arizona. Unpublished manuscript. 

Mab. J. 1. 1993. Harrington's extinct 
(Orcamnos harringtoni) and its environment in the 
Grand Canyon, Arizona. Unpublished doctoral disser- 
tation, University of Arizona. Tucson, 215 pp: 

AIPA. J. 1. anp bE. D.-AGEN BROAD Late Quaternan 
packrat midden floras from the central Colorado Pla- 
tean, southeastern Utah. Unpublished manuscript. 

. 1959. Pleistocene dung and the extinct herbivores 


mountain goat 


of the Colorado Platean, southwestern US \. Cranium 
aco}. 


QUATERNARY ARTHROPODS, COLORADO PLATEAL 67 


Ni |) 1 Tl ACE NRA Ok. Divs, ND LP 
NIARTIN F986. Dung of Mavanuthies in the ard South- 
west. North \imerica. Quaterman Research 25: 121 
pare . 

Miwb, J. 1. LD AGEN BROAD ANI Pol cies 127 

ae TON T9S7. Extinct mountain goat) Oreanutos 

harringtont: in southeastern Utah. Quaternan 
Re 


Research 27: 323-333. 


MUI Joel oP SONTARTIN, RoC. EULER IA LONG \ ET 
Jun. L. Hons 13. |. PONV ANia TX, 
LINtCK J9OSG. Extinetion of Hlarrington’s mountain 


goat. Proceedings of the National \cade mv of Science 


$3: $36-S39. 

MEAD J.P MOR. ORot RRL Wb T AL Foppr 1986. Dune 
and diet of the extinct Hirnnegtons mountain goat 
(Oreannos harringtoni Journal of Mamimalogy 67: 
284-293. 

MEAD JL. aANDALAL Pritniips 19ST. The late Pleistocene 
and Tlolocene fanna and Hora of Vulture Cave. Grand 
Canvon, Arizona. Southwestern Naturalist 26. 237 
28s. 

OROURKF AL K.. AND JOEL db vw 1985. Late 
and PHolocene polle nerecords from two caves in the 
Grand Canvon of Arizona. USA) Pages 169° 155 in B. 
Jacobs. P Fall, and © 
Holocene vegetation and climate of the southwestern 
United States. \inerican Associate of Stratigraphic Pa- 
hnologists Foundation Special Contribution Serics 16, 

Pype C.S. 1962. An illustrated and descriptive catalogne of 
the Ptinidae of North \imerica. Deutsche Entomolo- 
gische Zeitschrilt 9: 367-423 

PECK S. BLAND AL M. RAUL BARS T9ST. AV synopsis of the 
distribution and bionomics of the carrion beetles Col 
coptera: Silphidac) of the conterminous United States. 
Proceedings of the Entomological Society of Ontario 
11S: -f7—S1. 

VAN DEVENDEFR FER. 1990. Late Quatcrnan vegetation 
and climate of the Sonoran Desert. United States and 
Mexico, Pages 13-6165. in J. b. Betancourt. T. R. Van 
Devender, and PS. Nartinveds.. Packrat middens. Phe 
last 40,000. cars of biotic change. University of \rizona 
Press. Tucson. 467 

Vatrie P. 1952. The checkered bectles of north central 
Mexico (Coleoptera, Cleridacy, \merican) Museure 
Novitates 1597: 1-57. 

WILSON R.A 1942. Preliminan study of the 
Rampart Cave, \vizona. Contr ‘ibutions to Pale ontology, 
Carnegie Institution of Washington Publication 530: 
1692155: 


Pleistocene 


Davis. eds... Pleistocene and 


fauna of 


Received 20 [une 199! 
Accepted 14 January 1992 


